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Abstract
Background: We assessed direct effects of neighborhood-level characteristics and interactive
effects of neighborhood-level characteristics and individual socioeconomic position on adult
smoking and drinking, after consideration of individual-level characteristics in Taiwan.
Methods:  Data on individual sociodemographic characteristics, smoking, and drinking were
obtained from Taiwan Social Change Survey conducted in 1990, 1995, and 2000. The overall
response rate was 67%. A total of 5883 women and men aged over 20 living in 434 neighborhoods
were interviewed. Participants' addresses were geocoded and linked with Taiwan census data for
measuring neighborhood-level characteristics including neighborhood education, neighborhood
concentration of elderly people, and neighborhood social disorganization. The data were analyzed
with multilevel binomial regression models.
Results:  Several interaction effects between neighborhood characteristics and individual
socioeconomic status (SES) were found in multilevel analyses. Our results indicated that different
neighborhood characteristics led to different interaction patterns. For example, neighborhood
education had a positive effect on smoking for low SES women, in contrast to a negative effect on
smoking for high SES women. This result supports the hypothesis of "relative deprivation,"
suggesting that poor people living in affluent neighborhoods suffer from relative deprivation and
relative standing. On the other hand, neighborhood social disorganization has positive effects on
drinking for low SES individuals, but not for high SES individuals. These interactive effects support
the hypothesis of the double jeopardy theory, suggesting that living in neighborhoods with high
social disorganization will intensify the effects of individual low SES.
Conclusion: The findings of this study show new evidence for the effects of neighborhood
characteristics on individual smoking and drinking in Taiwan, suggesting that more studies are
needed to understand neighborhood effects in Asian societies.
Background
Smoking and drinking are highly prevalent in Taiwan
among male adults, despite the accumulated evidence on
the serious health and safety consequences [1-4]. Accord-
ing to the 2002 Taiwan National Health Knowledge, Atti-
tude and Practice Interview Survey, the daily smoking
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rates were 43.5% and 4.2% for men and women, respec-
tively. About 53.1% of men and 23.1% of women
reported drinking frequently, while 24.6% of men and
7.9% of women reported having problem drinking behav-
iors [5]. Although women consistently show lower rates of
smoking and drinking than men, the prevalence rates of
these behaviors are increasing due to greater economic
independence and changes in social concepts [6].
Although there are only 23 cities and counties in Taiwan,
the 23 cities and counties showed distinctively wide dis-
parities in smoking and drinking behaviors [7]. One of the
possible explanations comes from local norms and sanc-
tions that may inhibit or promote one's smoking and
drinking behaviors suggesting examining these behaviors
from a neighborhood-level perspective.
Prior studies have suggested that neighborhood-level
characteristics have independent effects on individual-
level smoking and drinking behaviors after consideration
of individual-level socioeconomic status/position (SES)
[8-25]. There are several postulated reasons why neigh-
borhood characteristics may influence individual smok-
ing and drinking. These include social norms,
psychosocial stress, exposure to tobacco and alcohol
advertising, and availability of tobacco and alcohol
[10,26].
One major cited criticism on prior studies is the lack of
examination of cross-level interactions between neighbor-
hood characteristics and individual socioeconomic status
[11,27,28]. Most researchers "average" the effects of
neighborhood-level variables across individuals, despite
some evidence that neighborhood effects may be hetero-
geneous across different individual socioeconomic posi-
tions [29]. Two possible hypotheses may be generated
from the interaction of neighborhood-level characteristics
and individual-level SES. The first one is the "double jeop-
ardy" hypothesis, which suggests that the harmful effects
of individual poverty could be intensified for those who
live in poor neighborhoods [30]. On the other hand, the
"relative deprivation" hypothesis suggests that poor peo-
ple living in affluent neighborhoods may be stressed from
perceived income inequality and thus suffer from relative
deprivation and relative standing [30-32]. Only a handful
of studies, to our knowledge, have examined how neigh-
borhood effects interacted with individual SES. More
studies supported the hypothesis of double jeopardy,
while the other studies supported the relative deprivation
hypothesis or found no interaction effects of neighbor-
hood characteristics and individual SES [33-39].
Despite an increasing number of studies focusing on
neighborhood influences on individual health outcomes,
few studies were conducted in Asian societies. Neighbor-
hood effects may be drastically different between Asian
and Western societies due to the fundamental differences
in social relationships, community formation, and eco-
nomic development [40]. Our study contributes to the
understanding of neighborhood-level influences on indi-
vidual smoking and drinking behaviors in Taiwan. We
also examine whether neighborhood influences on indi-
vidual smoking and drinking behaviors depend on indi-
vidual socioeconomic position and which hypothesis
(double jeopardy vs. relative deprivation) is supported.
Methods
Data
The individual-level data are from the 1990, 1995, and
2000 Taiwan Social Change Survey, which is a repeated
cross-sectional study conducted every 5 years [41-43]. A
multi-stage cluster sampling method was used to select
adults aged over 20 for the survey. It first divided 359
township/districts of Taiwan into ten strata according to
geographic location and degree of urbanization. Town-
ships or districts in each stratum were selected by proba-
bility proportional to their size (PPS). In each selected
township/district, lis and villages were selected by PPS
and individuals were randomly selected in lis and villages.
Lis and villages are small geographical units created by the
Taiwan Census Bureau for studying neighborhoods. The
size of a Li is smaller than a census tract but larger than a
census block group in US. Each li has on average 2000
people and 874 households. Data were collected by inter-
personal interviews using a structured questionnaire.
Interviewers were required to attend a standardized 2-day
training workshop before conducting interviews. The
overall response rate was 67% after excluding ineligible
cases. The major reasons for not completing the interview
included an inability to find the person (18.3%) and
refusal to participate (11.2%). Ten percent of the cases
were rechecked for quality control. This study defines
neighborhoods by lis and villages. They were created by
visible boundaries such as streets and rivers and to be as
homogeneous as possible with population characteristics.
Participants' residential addresses were geocoded with
1990 and 2000 Taiwan census data; linear interpolation
was used for the 1995 data. Six percent of the respondents
were not accurately geocoded to their neighborhoods
based on home address, resulting in a final sample size of
434 neighborhoods and 5,883 people. Informed consent
was obtained from each participant. The ethical commit-
tee of Taiwan National Science Council approved this
study.
Dependent variables
Individual-level smoking was measured from the ques-
tion, "On average, about how many cigarettes do you now
smoke in a day?" with responses ranging from "no ciga-
rettes" to "more than two packs a day" along a 7-point
scale. Because prior research suggested that disadvantagedBMC Public Health 2007, 7:151 http://www.biomedcentral.com/1471-2458/7/151
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neighborhood characteristics were associated with the
likelihood of being a current smoker, smoking was
recoded as 0 if no use of cigarette and 1 if use of cigarette.
Individual-level drinking was measured from the ques-
tion, "How often do you drink alcohol?" along a 4-point
scale including "none at all," "occasionally," "drink often,
rarely get drunk," and "drink often, often get drunk".
Drinking was recoded as 0 if no use of alcohol and 1 if use
of alcohol. Most prior studies focusing on neighborhood
influences on individual drinking used problem drinking
behavior as the outcome of interest. However, our data
contain very few problem-drinking cases, less than one
percent of the participants identified themselves as drink-
ing frequently and often getting drunk. Therefore we were
unable to examine the effects of neighborhood character-
istics on problem drinking. In addition, some studies sug-
gested that the effects of neighborhood characteristics on
drinking may vary according to different levels of alcohol
intake. For example, studies found that neighborhood-
level social capital was more likely to be associated with
moderate drinking, compared to no drinking and heavy
drinking, indicating that neighborhood-level social activ-
ities were more likely to stimulate a moderate intake of
alcohol [44]. This suggests each level of alcohol drinking
may have its own theoretical meaning. We categorized
drinking behaviors into "use of alcohol" and "not use of
alcohol", which can compare the differential neighbor-
hood effects between individuals who decide not to drink
or does not exposure to any alcohol versus the others.
Individual-level variables
Individual-level SES was calculated from two indicators:
educational attainment and monthly household income.
Education was measured by asking respondents, "What is
the highest level of formal education you have com-
pleted?" with responses ranging from "Lower than ele-
mentary school" to "Graduate School" on a 7-point scale.
Income was measured by asking participants, "How much
is your household's total income per month, including
income from all sources for all household members living
with you?" with responses ranging from "under NT$10,
000" to "NT$220,000 and over" on a 7-point scale (1 US
Dollar = 33 New Taiwan Dollars). A composite SES score
was created by averaging levels of education and family
income for each respondent. The score of SES was catego-
rized into "high" versus "low" using a median split. Gen-
der, age (20–39, 40–59, ≥ 60), race/ethnicity (Taiwanese,
Hakka, Mainlanders, indigenous populations, and oth-
ers), marital status (single, married, divorced and sepa-
rated, and others), and year of surveys (1990, 1995, and
2000) were included in the analyses as control variables.
We categorized age into three categories (20–39, 40–59, ≥
60) in order to both consider the power of analysis and
the differential impacts of neighborhood characteristics
on people in different life stages (adults before mid-age,
mid-age, and elderly). Because more than 70% of people
were Taiwanese, we created a dummy-coded variable and
used non-Taiwanese as the reference group. Marital status
was recoded as 1 = married and 0 = others to measure the
social support in marriage.
Neighborhood-level variables
Nine neighborhood-level indicators were derived from
1990 and 2000 census data; linear interpolation was used
for the 1995 data. These variables were selected based on
previous theoretical and empirical neighborhood research
[45-50]. Because neighborhood measurements in Taiwan
are still under development, we conducted an exploratory
factor analysis and used factor scores to represent neigh-
borhood domains (Table 1) [51]. Three factors were iden-
tified, including neighborhood education, neighborhood
concentration of elderly people, and neighborhood social
disorganization. The two items of residential mobility nei-
ther formed a single factor nor loaded well on other fac-
tors. Therefore, we disregarded the 2 items in further
analyses. Neighborhood education was measured by two
indicators: (1) percentage of less than junior high school
and (2) percentage of college graduates (Cronbachα =
.90) with a higher score representing a higher neighbor-
hood education. Neighborhood concentration of elderly
people was measured by two indicators: (1) percentage of
age under 18 and (2) percentage of age over 65 (Cron-
bachα = .75) with a higher score representing a higher
concentration of elderly people. Neighborhood social dis-
organization was measured by three indicators: (1) per-
centage of paid employment (2) percentage of divorced
and separated, and (3) percentage of single-parent fami-
lies (Cronbachα = .52) with a higher score representing a
higher neighborhood social disorganization. The correla-
tion coefficients for the three neighborhood domains
ranged from 0.07 to 0.25 suggesting they were weakly to
moderately correlated. In addition to the seven neighbor-
hood characteristics, locality was introduced as a control
variable measured by the proportion of people who live in
rural, suburban, or urban areas.
Table 1: Factor analysis of neighborhood characteristics, Taiwan 
census data, 1990, 1995, and 2000
Neighborhood 
education
Neighborhood 
concentration 
of elderly 
people
Neighborhood 
social 
disorganization
% less than junior high 0.95 -0.08 -0.01
% college graduate -0.96 -0.04 -0.03
% less than age 18 0.25 0.86 0.03
% more than age 65 0.22 -0.89 0.07
% single parent family -0.11 0.39 0.65
% divorced and 
separated
-0.31 -0.23 0.58
% paid employment -0.18 0.04 -0.82BMC Public Health 2007, 7:151 http://www.biomedcentral.com/1471-2458/7/151
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Analysis
We used multilevel models to analyze our data. We used
the SAS macro GLIMMIX to fit multilevel models with a
binomial distribution assumption and a logit link. The
method of estimation was a restricted maximum likeli-
hood procedure. Models were first fitted with neighbor-
hood-level characteristics. The second stage was to fit
models with individual-level characteristics, which were
selected based on prior literature. In the third stage, mod-
els included both neighborhood-level and the significant
individual-level characteristics identified in the second
stage to assess whether neighborhood-level effects were
explained by individual characteristics. Lastly, two-way
interaction terms of individual-level SES and separate
neighborhood-level characteristic were added to the mod-
els to test whether the effects of neighborhood-level char-
acteristics on smoking and drinking were modified by
individual-level SES. All analyses were conducted sepa-
rately by gender.
Results
Table 2 presents descriptive statistics for key variables by
gender. In women, about half of the respondents in the
sample were aged between 30 and 49. A large majority
was married at the time. The largest racial/ethnic group
was Taiwanese. About half of the sample had completed
junior high school, which is the highest compulsory edu-
cation in Taiwan, and about 70% of the sample had
incomes over NT30, 000. Half of the sample lived in sub-
urban areas. Because we stratified neighborhood-level
characteristics into tertiles based on the distribution in
each year, each stratum accounted for approximately one-
third of the sample. Similar patterns were found for men,
except that a higher percentage of men had completed col-
lege. Neighborhood characteristics were similar for
women and men. Standard deviation was greatest for the
percentage of less than junior high school and smallest for
the percentage of divorced and separated.
Multilevel modeling results are shown in Table 3 for
smoking. Models 1 to 3 are random intercept models in
which the mean of the outcome is varied by neighbor-
hood. Model 4 is a random slope model in which the
coefficient for individual SES was allowed to vary by
neighborhood. For women, Model 1 indicates that the
respondents in neighborhoods with higher social disor-
ganization were more likely to smoke (OR = 1.34). Model
2 shows that women characterized as higher SES, living in
rural areas, Taiwanese, and married reported a lower
probability of smoking than their counterparts. Model 3
shows that the effects of neighborhood social disorganiza-
tion disappeared after adjusting for locality and individ-
ual-level characteristics. However, after including
interactions between individual SES and neighborhood-
level characteristics in Model 4, the effects of neighbor-
hood social disorganization reappeared (OR = 1.36).
Model 4 also shows that individual SES was significantly
interacted with neighborhood education (OR = 0.61).
For male smoking, Model 1 shows that individuals in
higher educated neighborhoods were less likely to smoke
(OR = 0.78). Men characterized as lower SES, living in
suburban and rural areas, younger, and interviewed in
Table 2: Individual-level characteristics and neighborhood-level 
characteristics by gender, Taiwan Social Change Survey, 1990, 
1995, and 2000
Women Men
(N = 2942) (N = 2941)
Individual characteristics (%)
Age
20–29 19.5 16.6
30–39 33.4 29.1
40–49 23.4 24.1
50–59 11.6 13.2
>= 60 12.1 17.0
Marital status
Single 14.6 22.3
Married 73.1 70.9
Widowed/divorced and others 12.3 6.8
Race/ethnicity
Taiwanese 72.7 69.4
Hakka 13.0 13.5
Mainlander 11.1 15.3
Indigenous and others 3.2 1.8
Education
< Elementary 12.2 4.9
Elementary 27.9 24.0
Junior high school 13.6 17.5
High school 27.3 26.9
>= College 19.0 26.7
Family income
<NT30,000 29.9 28.4
NT30,000–NT49,999 25.8 24.4
NT50,000–NT69,999 16.9 16.4
NT70,000–NT99,999 13.1 14.8
≥ NT100,000 14.3 16.0
Year
1990 34.0 31.8
1995 34.0 35.8
2000 32.0 32.4
Urbanicity/rurality
Urban 32.0 31.4
Suburban 49.0 49.4
Rural 19.0 19.2
Neighborhood characteristics (mean 
(SD))
% less than junior high 37.7(14.2) 38.3(14.3)
% college graduates 7.5(7.0) 7.2(6.7)
% less than 18 28.8(5.4) 28.5(5.3)
% over 65 7.9(4.1) 8.1(4.3)
% single parent family 6.3(2.4) 6.2(2.4)
% divorced and separated 2.7(1.2) 2.7(1.2)
% paid employment 56.3(6.9) 56.3(7.0)BMC Public Health 2007, 7:151 http://www.biomedcentral.com/1471-2458/7/151
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1990 had a higher probability of smoking than their
counterparts (Model 2). Model 3 shows that neighbor-
hood education remained negatively associated with indi-
vidual smoking after including control variables (OR =
0.83). Although effects of neighborhood education disap-
peared after adding interaction effects, neighborhood
social disorganization was positively associated with male
smoking in Model 4 (OR = 1.13) and this relationship was
modified by individual-level SES (OR = 0.85).
Table 4 presents a similar set of multilevel models for
drinking. Model 1 for females shows that women in
higher educated neighborhoods were more likely to drink
(OR = 1.27). Women characterized as higher SES,
younger, non-Taiwanese, and interviewed in 1990 were
more likely to drink. The effects of neighborhood educa-
tion remained significant after controlling for locality and
individual characteristics (Model 3, OR = 1.16) and signif-
icant interactive effects were found between individual
SES and concentration of elderly people (Model 4, OR =
1.27) as well as neighborhood social disorganization
(Model 4, OR = 0.81).
For male drinking, Model 1 shows that men in higher edu-
cated and higher socially disorganized neighborhoods
were more likely to drink (OR = 1.15; OR = 1.10). Men
characterized as higher SES, younger, non-Taiwanese, and
interviewed in 1990 and 1995 were more likely to drink
than their counterparts. The estimate of neighborhood
social disorganization was still statistically significant
after including both control variables and interactions of
neighborhood education and individual SES (Model 4,
OR = 1.18); however, the estimate of neighborhood edu-
cation was reduced to insignificance in Model 4. A signif-
icant interaction was found between neighborhood social
disorganization and individual SES (OR = 0.83).
Figure 1 presents the interactive relationships found in
Table 3 and Table 4. Figure 1A presents the relationship
between neighborhood education and female smoking by
individual-level SES using a median split. Although low
SES women had a higher probability of smoking than
high SES women in both low and high educated neigh-
borhoods, the slopes show that neighborhood education
has stronger effects for low SES women than for high SES
Table 3: Associations between individual-level characteristics, neighborhood-level characteristics, and individual smoking (odds ratios), 
Taiwan Social Change Survey, 1990, 1995, and 2000
Women (N = 2942) Men (N = 2941)
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Neighborhood education 1.03 0.95 1.25 0.78** 0.83** 0.85
(0.85–1.25)a (0.74–1.23) (0.90–1.73) (0.72–0.84) (0.73–0.93) (0.69–1.01)
Concentration of elderly 
people
0.89 
(0.80–1.09)
0.87 (0.70–1.09) 0.98 (0.74–1.28) 0.94 
(0.87–1.01)
0.95 (0.87–1.03) 0.92 
(0.79–1.04)
Neighborhood social 
disorganization
1.34** 
(1.11–1.63)
1.23 (0.99–1.54) 1.36* (1.04–1.76) 1.02 
(0.95–1.11)
1.03 (0.95–1.12) 1.13* 
(1.00–1.25)
Individual SES 0.67** 0.69** 0.38** 0.59** 0.63** 0.63**
(0.37–0.96) (0.53–0.90) (0.25–0.57) (0.42–0.76) (0.46–0.81) (0.45–0.80)
Suburban/urban 0.87 0.93 0.98 1.21* 1.06 1.04
(0.43–1.30) (0.54–1.58) (0.52–1.87) (1.04–1.38) (0.86–1.26) (0.83–1.24)
Rural/urban 0.51* 0.64 0.61 1.46* 1.02 1.02
(-0.11–1.13) (0.47–1.50) (0.22–1.71) (1.04–1.49) (0.71–1.33) (0.70–1.34)
Age 40–59/age 20–39 1.06 0.67** 0.67** 0.68**
(0.76–1.35) (0.49–0.85) (0.50–0.84) (0.50–0.85)
Age 60+/age 20–39 0.91 0.48** 0.50** 0.50**
(0.50–1.31) (0.24–0.72) (0.26–0.73) (0.27–0.74)
Taiwanese 0.30** 0.31** 0.28** 0.98
(0.01–0.60) (0.23–0.42) (0.21–0.37) (0.78–1.19)
Married 0.28** 0.29** 0.23** 0.94
(0.03–0.54) (0.23–0.37) (0.18–0.29) (0.77–1.12)
Year 1990/year 2000 1.50 1.53** 1.53** 1.55**
(0.99–2.00) (1.34–1.72) (1.34–1.72) (1.35–1.74)
Year 1995/year 2000 1.36 1.17 1.16 1.18
(0.82–1.90) (0.99–1.35) (0.98–1.34) (1.00–1.36)
Neighborhood education × 
individual SES
0.61* (0.41–0.89) 0.95 
(0.77–1.13)
Concentration of the elderly 
people × individual SES
0.78 (0.52–1.17) 1.06 
(0.91–1.22)
Neighborhood social 
disorganization × individual 
SES
0.88 (0.60–1.29) 0.85* 
(0.69–1.01)
*P < 0.05 **P < 0.01 a95% confidence intervalBMC Public Health 2007, 7:151 http://www.biomedcentral.com/1471-2458/7/151
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women. In addition, neighborhood education had a
strong positive effect on smoking for low SES women, in
contrast to a small negative effect on smoking for high SES
women. Figure 1B presents the relationship between
neighborhood social disorganization and male smoking
by individual-level SES. Neighborhood social disorgani-
zation had a positive effect on smoking for low SES men,
but had a negative effect on smoking for high SES men.
Figure 1C and Figure 1D show that neighborhood concen-
tration of elderly people and social disorganization had
stronger effects for low SES women than for high SES
women. For low SES women, neighborhood concentra-
tion of elderly people and neighborhood social disorgan-
ization were negatively and positively associated with
drinking, respectively. Figure 1E presents the interaction
of neighborhood social disorganization and individual
SES on male drinking. The slopes show that neighbor-
hood social disorganization was associated with increased
drinking only for low SES men.
Discussion
Since Taiwan government opened the market of tobacco
and alcohol to foreign companies in 1987, the society has
experienced rises in alcohol use for both men and women.
The prevalent rate of male smoking slightly decreased
after 1990; however, the prevalent rate of female smoking
is increasing [52]. In the last two decades, rapid socio-eco-
nomic change, such as massive movement of women into
the paid work force, alters the role of women in Taiwan
[6]. This may result in an increasing use of cigarettes
among women. This trend was also reflected in the mar-
keting strategies used by the tobacco companies, in which
images of masculine were used in tobacco promotion tar-
geted for the male market, while liberation, glamour, and
elite were used for the female market [53,54]. Under this
context, this study intends to understand how neighbor-
hood-level factors contribute to the increases of individ-
ual smoking and drinking.
Our findings are partly consistent with prior studies that
have assessed the associations between neighborhood-
level characteristics and individual smoking. Similar to
prior studies, we found that higher neighborhood social
disorganization was directly associated with higher prob-
ability of smoking for women. As documented in Wilson's
book The Truly Disadvantaged (1987), lower SES neighbor-
Table 4: Associations between individual-level characteristics, neighborhood-level characteristics, and individual drinking (odds ratios), 
Taiwan Social Change Survey, 1990, 1995, and 2000
Women (N = 2942) Men (N = 2941)
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Neighborhood education 1.27** 1.16** 1.02 1.15** 1.08 1.00
(1.15–1.41)a (1.05–1.26) (0.85–1.19) (1.04–1.27) (0.98–1.18) (0.84–1.16)
Concentration of elderly 
people
0.95 (0.85–1.06) 0.99 (0.89–1.10) 0.86 (0.71–1.01) 0.97 
(0.89–1.09)
1.01 
(0.92–1.10)
0.97 
(0.83–1.10)
Neighborhood social 
disorganization
1.03 (0.93–1.15) 1.01 (0.91–1.12) 1.14 (0.99–1.28) 1.10* 
(1.00–1.20)
1.08 
(0.98–1.17)
1.18** 
(1.05–1.31)
Individual SES 1.86** 1.81** 1.87** 1.39** 1.36** 1.38**
(1.67–2.06) (1.61–2.00) (1.67–2.06) (1.22–1.57) (1.18–1.54) (1.20–1.56)
Suburban/urban 1.05 0.82
(0.82–1.28) (0.61–1.03)
Rural/urban 0.76 0.79
(0.45–1.08) (0.53–1.06)
Age 40–59/age 20–39 0.77** 0.74** 0.74** 0.76** 0.73** 0.73**
(0.58–0.96) (0.55–0.93) (0.55–0.93) (0.57–0.95) (0.55–0.91) (0.55–0.82)
Age 60+/age 20–39 0.24** 0.23** 0.24** 0.29** 0.28** 0.28**
(-0.17–0.65) (-0.17–1.28) (-0.17–0.65) (0.04–0.54) (0.03–0.53) (0.04–0.53)
Taiwanese 0.63** 0.64** 0.65** 0.71** 0.73* 0.74*
(0.40–0.86) (0.41–0.87) (0.42–0.89) (0.48–0.94) (0.50–0.97) (0.50–0.97)
Married 0.85 0.92
(0.66–1.03) (0.74–1.11)
Year 1990/year 2000 1.52** 1.51** 1.54** 1.69** 1.68** 1.68**
(1.27–1.78) (1.25–1.77) (1.29–1.80) (1.47–1.92) (1.45–1.90) (1.46–1.91)
Year 1995/year 2000 1.18 1.18 1.21 1.41** 1.41** 1.43**
(0.91–1.46) (0.91–1.46) (0.93–1.48) (1.19–1.63) (1.18–1.63) (1.20–1.65)
Neighborhood education 
× individual SES
1.17 (0.97–1.37) 1.11 
(0.92–1.30)
Concentration of elderly 
people × individual SES
1.27** (1.09–1.45) 1.07 
(0.91–1.24)
Neighborhood social 
disorganization × 
individual SES
0.81* (0.63–0.99) 0.83* 
(0.66–1.00)
*P < 0.05 **P < 0.01 a95% confidence intervalBMC Public Health 2007, 7:151 http://www.biomedcentral.com/1471-2458/7/151
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hoods where local basic organizations collapse, conven-
tional norms cannot be maintained, high rates of single-
parent families are persistent, and high proportions of
extremely poor people are isolated from the job network
system may increase the likelihood of criminal behaviors
and various types of substance abuse. Our study demon-
strates that this is the case in Taiwan. Neighborhoods that
featured higher rates of single parent families, unemploy-
ment, and divorced and separated individuals may have
higher rates of female smoking.
Several cross-level interactions were discovered in multi-
level analyses. In general, neighborhood characteristics
had stronger effects on low SES individuals than on high
SES individuals. Low SES individuals may have been more
sensitive to local environments as they may have been less
knowledgeable about the harmful effects of substance
abuse, may have had fewer resources to stop smoking and
drinking, and may have experienced more stressors in
their daily lives than high SES individuals. We proposed
two possible hypotheses, "relative deprivation" and "dou-
ble jeopardy theory", to explain the interaction between
neighborhood environments and individual SES. Our
results indicate that different neighborhood dimensions
may lead to different interaction patterns. For example,
neighborhood education had a positive effect on smoking
for low SES women, in contrast to a negative effect on
smoking for high SES women. This result supports the
hypothesis of "relative deprivation," suggesting that the
less educated and less affluent may experience greater lev-
els of stress and anxiety and sharper competition for
scarce institutional resources (i.e., access to health care
facilities) when competing with better educated, more
affluent neighbors. Smoking may be a coping response to
stressful neighborhood environments. On the other hand,
neighborhood social disorganization seems to have
increased effects on drinking behaviors for low SES indi-
viduals, but not for high SES individuals. These interactive
effects support the hypothesis of the double jeopardy the-
ory, suggesting that living in neighborhoods with high
social disorganization will intensify the effects of individ-
ual low SES.
Contrary to the findings of previous studies, we found
that living in neighborhoods with a higher percentage of
elderly people was associated with lower likelihood of
drinking for women. Concentration of elderly people was
traditionally regarded as a disadvantaged neighborhood
characteristic due to lack of community manpower and
institutional resources. Most prior studies that examined
the effect of concentration of elderly people focused on
the outcomes other than smoking and drinking, such as
self-rated health and mental health [55]. We are not aware
of any study investigating the effects of neighborhood
concentration of elderly people on adult smoking and
drinking behaviors.
Interactions between neighborhood characteristics and individual SES on smoking and drinking Figure 1
Interactions between neighborhood characteristics and individual SES on smoking and drinking.
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In addition to the explanations of "double jeopardy" and
"relative deprivation" hypotheses, the geographical distri-
bution of neighborhoods may partially explain why low
SES people in high educated and high social disorganized
neighborhoods were more likely to smoke and drink. A
large majority of high educated (70%) and high social dis-
organized (69%) neighborhoods locate in urban areas.
Thus the culture of city life may influence one's opportu-
nity to access cigarettes and alcohol. Social gatherings
after work are more common in major cities in Taiwan.
People relieve stress and renew personal bonds over a
drink or by exchanging cigarettes. The provision of alco-
hol and cigarettes is a way of common courtesy. Low SES
people may be more vulnerable to smoking and drinking
culture in urban areas as they have fewer personal
resources (i.e., knowledge about harmful effects of smok-
ing) to reject smoking and drinking. Future research needs
to clarify this relationship by using a better neighborhood
geographical typology.
Our findings should be considered in light of the follow-
ing limitations. First, we did not have longitudinal neigh-
borhood measurements, which may generate selection
bias [56]. The relationship between neighborhood charac-
teristics and smoking or drinking may be due to the non-
random selection of individuals into neighborhoods and
not because of neighborhood influences. Therefore, these
relationships should be interpreted as associations only.
Second, we did not measure the length of time that partic-
ipants had spent in their neighborhoods and the extent of
their exposure to the neighborhood environment. We
were thus unable to determine whether effects of neigh-
borhood characteristics on smoking and drinking behav-
iors were due to cumulated effects [56]. Third, we did not
measure all social and physical aspects of neighborhoods,
such as informal social control, concentration of tobacco
and alcohol outlets, and availability of social service agen-
cies [47]. Future research needs to improve neighborhood
measurements by assessing multiple aspects of neighbor-
hoods. Fourth, in contrast with most prior studies that
measure the outcomes of problem drinking behaviors
(i.e., binge drinking or drunk driving), our study identi-
fied drinkers if they had ever used alcohol. Because we do
not have enough cases of problem drinking, we were una-
ble to assess the neighborhood influences on problem
drinking behaviors. Nevertheless, the way that we catego-
rized alcohol use into "no use" and "at least some" can
examine how neighborhood characteristics affect one's
opportunities of exposure to any alcohol or one's decision
to be a non-drinker. Fifth, we calculated the employment
rate by the number of employed people divided by the
population aged 15 over; however the employment rate
should be calculated by the number of employed people
divided by the size of labor force, which excludes house-
wives, students, disabled, and retired persons. Because the
2000 Taiwan census survey did not clarify the reasons why
people were unemployed, we were not able to assess the
impact of neighborhood employment rate on partici-
pants' behaviors. The impact of this inappropriate meas-
urement may be limited, though, because the
employment rate only contributes partially to the meas-
urement of neighborhood social disorganization.
Conclusion
This study demonstrates the importance of examining
neighborhood influences on smoking and drinking
behaviors in Taiwan. Our findings suggest that neighbor-
hood characteristics may influence individual smoking
and drinking directly and interactively with individual
SES. Future neighborhood research is needed to identify
possible mechanisms by which neighborhoods can influ-
ence one's smoking and drinking behaviors in a context of
Asian society.
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